INTRODUCTION
============

The most common site of bone metastases is the spine, and the presence of spinal metastases is frequently associated with malignant primary disease at an advanced stage \[[@b1-arm-2020-44-1-69],[@b2-arm-2020-44-1-69]\]. A diagnosis of spinal metastases is made during a patient's life in 5%--10% \[[@b3-arm-2020-44-1-69],[@b4-arm-2020-44-1-69]\] of cases involving systemic cancer, but studies have found that up to 90% of patients who die of cancer had spinal metastases on postmortem examination \[[@b5-arm-2020-44-1-69]\]. In terms of the sequelae of spinal metastases, spinal cord compression is the most serious, affecting 20% of patients \[[@b6-arm-2020-44-1-69]\]. The most common region of the spine affected due to metastases is the thoracic spine, followed by the lumbar and cervical regions \[[@b5-arm-2020-44-1-69],[@b7-arm-2020-44-1-69],[@b8-arm-2020-44-1-69]\]. Bone metastases cause significant pain and morbidity, and they are associated with a variety of skeletalrelated events (SREs), such as pathological fractures, a need for radiation or bone surgery, spinal cord compression, and hypercalcemia of malignancy. Paralysis and prolonged bed rest after SREs result in decreased physical function, which can then decrease patients' activities of daily living (ADL) and quality of life (QOL).

Research has demonstrated the benefits of rehabilitation for patients with cancer. In a study by Bunting et al. \[[@b9-arm-2020-44-1-69]\], patients transferred to a rehabilitation hospital following surgical stabilization of their pathological fractures were found to have significantly improved mobility and ADL. In a study of patients with metastatic spinal cord compression, Tang et al. \[[@b10-arm-2020-44-1-69]\] showed that functional outcomes were significantly improved through participation in a rehabilitation program, based on assessment using the Functional Independence Measure. Returning patients to their homes is the goal of most rehabilitation programs so that patients can live out their lives in a manner that is as close to normal as possible.

Many studies have examined patients with stroke in relation to the discharge destinations of inpatients. Denti et al. \[[@b11-arm-2020-44-1-69]\] found that the strongest predictor of the discharge destination for elderly patients with stroke was the admission ADL level. Okuno et al. \[[@b12-arm-2020-44-1-69]\] also found that the ADL level on discharge was also an effective predictor of the discharge status in patients with stroke. Additionally, improved Kenny scores have been found to be associated with discharge home for patients with cancer-related pathological limb fractures \[[@b9-arm-2020-44-1-69]\]. However, with respect to patients with SREs, few studies have investigated the ADL level needed for patients to return home.

The purpose of this study was to investigate factors related to the discharge destination of patients with spinal bone metastases.

MATERIALS AND METHODS
=====================

Study design
------------

This was a retrospective, observational study of the discharge destination in patients with spinal bone metastases.

Participants
------------

The medical records of patients admitted to our institute with a diagnosis of SRE secondary to malignant disease between September 2011 and March 2013 were reviewed. Patients included in our study had SREs such as pathological fractures, a need for radiation therapy to the bone, or spinal cord compression. Exclusion criteria comprised decreased cognitive function and hypercalcemia, brain metastasis, peritoneal dissemination, and pleural dissemination.

Clinical parameters
-------------------

We investigated the following factors: the discharge destination, age, sex, the Barthel Index (BI) at admission and discharge, pain at admission and discharge, the number of co-resident household members, length of hospital stay, treatment strategy, the spinal instability neoplastic score (SINS) \[[@b13-arm-2020-44-1-69]\], vertebral body collapse, spinal level of bone metastases, and motor paralysis.

Ethical approval statement
--------------------------

All procedures undertaken as part of this study involving human participants were performed under an approved protocol and in accordance with the ethical standards of Shikoku Cancer Center Ethics Committee (Approval No. 114) and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Discharge destination
---------------------

Concerning the discharge destination, patients at discharge were grouped into two categories. Patients who were discharged to their homes constituted the home group, and those who were discharged to other hospitals constituted the non-home group.

Activities of daily living, pain, and treatment strategy
--------------------------------------------------------

The BI \[[@b14-arm-2020-44-1-69]\] is an ordinal scale used to measure ADL performance (i.e., feeding oneself, bathing, dressing, grooming, and the ability to move) on a scale of 0--100 (0, very dependent; 100, independent). All patients were assessed within 48 hours of admission and within 48 hours before discharge.

Pain was assessed using a Numerical Rating Scale (NRS), with 0 representing 'no pain' and 10 representing 'pain as bad as you can imagine'. Pain was evaluated at rest and during motion. Pain evaluation in this study was limited to spinal metastasis-related pain.

Patients treated with anticancer drugs were categorized as belonging to an anticancer drug group, and patients who received palliative treatment were categorized as belonging to a palliative treatment group.

Determination of length of hospital stay and discharge destination
------------------------------------------------------------------

With respect to determining the length of hospital stay and the discharge destination, a doctor consulted with a patient and the patient's family, taking into consideration the patient's general condition, their ADL, family situation, and the need for social resources such as homevisiting nursing services, home-visit rehabilitation, and home helpers. During hospitalization, doctors, nurses, physiotherapists, occupational therapists, and pharmacists conducted multiple conferences and shared information. The length of hospital stay and discharge destination were ultimately determined through giving priority to the wishes of patients and their families.

Vertebral body collapse
-----------------------

The presence or absence of vertebral body collapse was determined using the SINS for vertebral collapse evaluation. Patients with 0--1 points were classified as having no vertebral body collapse, and those with 2--3 points were classified as having vertebral body collapse.

Spinal level of bone metastases
-------------------------------

The spinal level of bone metastases in the patients was classified according to three sites, namely, cervical vertebrae, thoracic vertebrae, and lumbar vertebrae.

Motor paralysis
---------------

Motor paralysis was assessed using the Frankel scale. Patients with grades A, B, C, and D were classified as having motor paralysis, while those with grade E were classified as not having motor paralysis.

Rehabilitation program
----------------------

The rehabilitation program comprised muscle strengthening exercises, involving squatting and calf-raising exercises; stretching, involving the upper limb, lower limb, and trunk; and ADL, including standing up and walking. Rehabilitation was undertaken according to the degree of independence in performing ADL and in relation to the pain level. Exercise intensity was performed at 11--13 on the Borg Scale \[[@b15-arm-2020-44-1-69]\]. The exercise frequency was 5 days a week for 20--40 minutes.

Statistical analysis
--------------------

Changes in ADL and pain at admission and discharge were analyzed using the paired t-test in relation to the home and non-home groups.

Univariate analysis was carried out using Student t-test, the chi-square test, and the Mann-Whitney U test to identify factors associated with the discharge destination of patients with spinal bone metastases. For items found to have p-values \<0.2 on univariate analysis, logistic regression analysis was used to identify the best independent predictor of the discharge destination of patients with spinal bone metastases. The usefulness of the variables for making predictions in the home group was investigated using a receiver operating characteristic (ROC) curve, and the cut-off value necessary for the home group was determined and evaluated in terms of the sensitivity, the false-positive rate (1--specificity), the predictive accuracy, and the positive predictive value.

Overall survival (OS) was calculated from the date of admission to our institute with a diagnosis of SRE until death from any cause. The observations of this study were censored on the date the patient was last known to be alive, by a doctor or nurse. The follow-up cut-off point was determined as November 30, 2017. Survival probabilities were estimated using Kaplan-Meier analysis, and significant differences were analyzed using a log-rank test. Statistical analysis was performed using SPSS Statistics version 22.0 (IBM, Tokyo, Japan). The results were defined as being significant when the possibility of error (p) was \<5%.

RESULTS
=======

Clinical and sociodemographic characteristics
---------------------------------------------

The participants comprised 140 patients, with an average±standard deviation age at the time of the study of 66.4±9.7 years. The type of primary cancer involved is shown in [Table 1](#t1-arm-2020-44-1-69){ref-type="table"}. The tumor treatment options included radiation therapy in 133 patients, and no patients underwent surgery.

The home group included 120 of the 140 patients, and the non-home group included 20 patients. The length of hospital stay was 26.2±18.7 days in the home group and 36.0±26.0 days in the non-home group.

Changes in ADL and pain at admission and discharge
--------------------------------------------------

Changes in ADL and pain on admission and at discharge are shown in [Table 2](#t2-arm-2020-44-1-69){ref-type="table"}. Pain was considered as metastasis-related pain. ADL and pain at rest and during motion improved significantly in the home group, whereas only pain at rest and during motion improved significantly in the non-home group.

Factors affecting the discharge destination
-------------------------------------------

The results of the univariate analysis are shown in [Table 3](#t3-arm-2020-44-1-69){ref-type="table"}. The BI at admission and discharge, pain at rest on admission, pain during movement at admission and discharge, the SINS, and the degree of motor paralysis differed between the two groups (p\<0.2). Using logistic regression analysis, the discharge BI and motor paralysis were found to be significant predictors of discharge to home (both, p\<0.05) ([Table 4](#t4-arm-2020-44-1-69){ref-type="table"}).

Target value required for home return
-------------------------------------

[Fig. 1](#f1-arm-2020-44-1-69){ref-type="fig"} shows the ROC curves of the BI at discharge for the home group. The area under the curve was 0.843, with a standard error of 0.059 and a 95% confidence interval of 0.727--0.959. With a BI cut-off value of 72.5, the sensitivity was 88.3%, the false-positive rate (1--specificity) was 25.0%, the predictive accuracy was 86.4%, and the positive predictive value was 95.5%.

Kaplan-Meier survival curves of the home and nonhome groups
-----------------------------------------------------------

The Kaplan-Meier survival curves are shown in [Fig. 2](#f2-arm-2020-44-1-69){ref-type="fig"}. In the home group, the median OS was 11.5 months, with 3- and 6-month survival rates of 82.5% and 67.5%, respectively. In the non-home group, the median OS was 9.1 months, with 3- and 6-month survival rates of 70.0% and 60.0%, respectively (p=0.573). No significant differences between the groups were observed ([Fig. 2](#f2-arm-2020-44-1-69){ref-type="fig"}).

DISCUSSION
==========

Numerous reports have shown that ADL on admission and at discharge were significant predictors of the discharge destination in patients with stroke \[[@b11-arm-2020-44-1-69],[@b12-arm-2020-44-1-69],[@b16-arm-2020-44-1-69],[@b17-arm-2020-44-1-69]\]. In patients with cancer-related pathological limb fractures, those discharged to their homes were reported to have improved Kenny scores \[[@b9-arm-2020-44-1-69]\]. In the present study, the home group showed improved ADL and pain at rest and during motion, whereas the non-home group only improved significantly in terms of pain at rest and during motion. The logistic regression analysis showed that the discharge BI and motor paralysis were critical factors for the home group. These results demonstrated that discharge ADL and motor paralysis were effective predicators concerning the discharge destination of patients with spinal SREs. Even if the patients with SREs showed an ADL decrease on admission, it was still possible that they may have been discharged home following an improvement in their ADL during hospitalization. In addition, motor paralysis affected the discharge destination because motor paralysis results in decreased ADL in patients. Therefore, these results appear to confirm the importance of intensive inpatient rehabilitation for patients with spinal SREs.

Granger et al. \[[@b18-arm-2020-44-1-69]\] reported that a BI score \>40 in patients with stroke was a good predictor of discharge home; however, the results in this study cannot be readily compared with that study as the diseases differed. The present study showed that a BI score of 72.5 was a clear cut-off value for home discharge, with a sensitivity of 88.3%, a false-positive rate (1--specificity) of 25.0%, a predictive accuracy of 86.4%, and a positive predictive value of 95.5%. For patients with SREs to be discharged home, the ADL must reach a certain level, and a BI cut-off value of 72.5 was found to be a predictor of home discharge.

In relation to the length of hospital stay and discharge destination, a study by McKinley et al. \[[@b19-arm-2020-44-1-69]\], involving patients with cancer-related spinal cord compression, found the average length of stay in a rehabilitation unit to be 27 days, with 84% of patients discharged home. The present study showed similar results, with approximately 86% of patients with spinal SREs being discharged home, with an average length of hospital stay of 26 days.

With respect to the home environment, the presence of family members is likely to be an important element for successful home discharge, since the involvement of family can render discharge more feasible, facilitate patients' functional improvement, and limit discomfort at home \[[@b20-arm-2020-44-1-69]\]. In previous studies, the number of co-resident household members \[[@b15-arm-2020-44-1-69],[@b21-arm-2020-44-1-69],[@b22-arm-2020-44-1-69]\], in addition to ADL (assessed through the BI or the Functional Independence Measure), has been found to be a powerful predictor of home discharge for elderly patients with stroke. The present study showed no significant difference in terms of the number of co-resident household members between the home and non-home groups. In patients with spinal bone metastases, it appears that the discharge destination may depend more on ADL than on the number of co-resident household members.

The present study demonstrated that the non-home group had lower ADL than the home group, but no significant difference in OS was found between the home and non-home groups. Nevertheless, QOL might differ between the two groups. It has been reported that in patients with cancer and with bone metastases, a resistance exercise program improved physical function, physical activity levels, and lean mass \[[@b23-arm-2020-44-1-69],[@b24-arm-2020-44-1-69]\]. These results indicate that patients who wish to return home need to improve their ADL through participating in rehabilitation during hospitalization.

In conclusion, this study showed that discharge ADL and motor paralysis strongly affected the discharge destination of patients with bone metastases, and that a specific ADL level needed to be reached for discharge home. The results of this study are likely to be helpful in determining the discharge destination of patients with bone metastases.

This study had some limitations. Although this study considered the number of co-resident household members as a factor, household income and the relationships of the household members were not examined. Furthermore, the discharge destination of patients may be affected due to psychological conditions such as depression and QOL, comorbidity, and acute length of hospital stay related to the management of differing types of cancer, but these factors were not investigated. In addition, the effect of the total BI score on discharge destination was analyzed without classifying ADL into specific activities such as walking up and down the stairs. Therefore, the kinds of ADL that may have affected the discharge destination could not be determined, and further research is needed to examine these factors.
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###### 

Type of primary cancer of patients

  Characteristic                Number of cases
  ----------------------------- -----------------
  Lung cancer                   40
  Breast cancer                 31
  Prostate cancer               20
  Rectal cancer                 15
  Gastric cancer                9
  Hepatocellular cancer         6
  Renal cell cancer             4
  Esophageal cancer             3
  Bladder cancer                2
  Pancreatic cancer             2
  Paget disease of the breast   1
  Gastric carcinoid             1
  Uterine cancer                1
  Gallbladder cancer            1
  Bile duct cancer              1
  Mesothelioma                  1
  Rectal carcinoid              1
  Endothelioma                  1

###### 

Results of activities of daily living and pain at admission and discharge

                  Home group (n=120)   Non-home group (n=20)                                      
  --------------- -------------------- ----------------------- ---------- ----------- ----------- ----------
  Barthel Index   78.9±26.5            91.4±13.7               \<0.0001   48.0±34.7   53.0±32.1   0.278
  Rest pain       1.1±2.2              0.1±0.6                 \<0.0001   1.7±3.0     0.1±0.2     0.007
  Motion pain     2.7±3.3              0.6±1.2                 \<0.0001   4.3±3.6     0.3±0.6     \<0.0001

Values are presented as mean±standard.

Paired t-test.

###### 

Comparison of variables between the home group and non-home group

  Variable                              Home group (n=120)   Non-home group (n=20)   p-value
  ------------------------------------- -------------------- ----------------------- ----------
  Age (yr)                              66.2±8.7             67.8±14.2               0.812
  Sex                                                                                0.631
   Male                                 61                   11                      
   Female                               59                   9                       
  Barthel Index (score)                                                              
   At admission                         78.9±26.5            48.0±34.7               \<0.0001
   At discharge                         91.4±13.7            53.0±32.1               \<0.0001
  Pain in rest (score)                                                               
   At admission                         1.1±2.2              1.7±3.0                 0.128
   At discharge                         0.1±0.6              0.1±0.2                 0.847
  Pain during movement (score)                                                       
   At admission                         2.7±3.3              4.3±3.6                 0.033
   At discharge                         0.6±1.2              0.3±0.6                 0.179
  Number of family members              1.6±1.2              1.3±1.0                 0.348
  Treatment strategy                                                                 0.001
   Anticancer drug                      88                   7                       
   Palliation treatment                 32                   13                      
  Spinal instability neoplastic score   6.9±2.6              8.5±2.3                 0.011
  Vertebral body collapse                                                            0.464
   Yes                                  72                   14                      
   No                                   48                   6                       
  Spine level of bone metastases                                                     0.572
  Cervical                              13                   2                       
  Thoracic                              56                   8                       
  Lumbar                                51                   10                      
  Motor paralysis                                                                    \<0.0001
   Yes                                  4                    7                       
   No                                   116                  13                      
  Frankel scale                                                                      
   A                                    0                    2                       
   B                                    0                    0                       
   C                                    0                    1                       
   D                                    4                    4                       
   E                                    116                  13                      

Values are presented as mean±standard or number.

###### 

Logistic regression analysis for prediction of discharge destination

  Variable                              Odds ratio (95% CI)       p-value
  ------------------------------------- ------------------------- ---------
  Barthel index                                                   
   At admission                         0.997 (0.971--1.024)      0.838
   At discharge                         1.066 (1.026--1.108)      0.001
  Pain in rest at admission             0.795 (0.517--1.222)      0.296
  Pain during movement                                            
   At admission                         0.943 (0.632--1.407)      0.772
   At discharge                         2.221 (0.812--6.080)      0.120
  Treatment strategy                    2.263 (0.490--10.441)     0.295
  Spinal instability neoplastic score   0.893 (0.624--1.276)      0.534
  Motor paralysis                       19.796 (1.542--254.072)   0.022

CI, confidence interval.
